Multilocus sequence typing and fimA genotyping were performed on Porphyromonas gingivalis isolates from 15 subjects with "refractory" periodontitis. Several sequence types were detected for most individual pockets. The variation indicated recombination at the recA and pepO genes. The prevalence of fimA genotypes II and IV confirmed their association with periodontitis.
From each sample, 100 l vortexed transport medium was plated on a Columbia agar plate under continuous N 2 flow and incubated anaerobically for 5 to 7 days (90% N 2 , 5% H 2 , 5% CO 2 ) at 37°C (WS9000; Anoxomat, Mart, The Netherlands).
For the primary plates of 15 patients, black-pigmented bacteria constituted 75 to 100% of the growth. Using an inoculation loop (1 l), mainly black-pigmented colonies were spread on a fresh Columbia agar plate. This was repeated 5 to 10 times to randomly pick colonies from different parts of the primary plates. The new plates were then used to obtain single colonies. Purity was inspected under a stereo microscope (Stemi SV6; 8ϫ to 50ϫ; Zeiss), and selection of single colonies was done randomly. When pure, they were replated and incubated for another 10 to 14 days. A total of 93 isolates from 2 to 10 colonies per patient site were obtained and further investigated.
DNA was extracted from bacterial cultures, using a Magnatrix 1200 biomagnetic workstation (Magnetic Biosolutions, Stockholm, Sweden) and the MagAttract DNA Mini M48 kit (Qiagen, California), according to the manufacturers' instructions.
Sequencing of the 16S rRNA gene was performed to ascertain species identification. All 93 isolates further studied showed 99 to 100% sequence identity to the 16S rRNA gene of P. gingivalis from GenBank. fimA genotyping and MLST were performed as described previously (8, 9, 23) . Construction of the unweighted pair group method with arithmetic averages (UPGMA) dendrogram (21) and the splits decomposition analysis were computed (20) . The eBurst analysis was done using the eBurst, version 3, software program (http://eburst .mlst.net) (11, 42) .
The results of the fimA genotyping are shown in Fig. 1 . For each subject, all isolates showed identical fimA genotypes. Fortysix isolates (49.5%) from eight subjects were fimA genotype II, eleven isolates (11.8%) from two subjects were genotype IV, and eight isolates (8.6%) from one subject were genotype III.
Genotypes I, Ib, and V alone were not observed ( Fig. 1) . The remaining 28 (30.1%) isolates showed positive PCR with more than one primer set and were either I, Ib, and II (three patients) or I and Ib (one patient). The 93 isolates were assigned to 41 STs, of which 39 were new. ST14 and ST78 had been identified previously for German patients (23) . From 1 to 8 STs were found among the colonies from a single pocket in these 15 subjects with "refractory" periodontitis.
The UPGMA dendrogram ( Fig. 1) showed evolutionary relationships among the STs. Eight clusters were observed (A to H) at a linkage distance of 0.40. Clusters A, B, E, and F contained the isolates collected from single subjects, 1, 9, 14, and 15. Clusters C, D, G, and H harbored isolates from several subjects (Fig. 1) .
The results of the eBURST analysis identified 10 clonal complexes defined by single locus variants to single sites superimposed on the obtained SplitsTree graph (Fig. 2) .
Only closely related STs were observed in individual pockets, and except for one case (subject 7), variation within a site was limited to the pepO and recA genes.
When more than three isolates within a site were analyzed, several alleles were distinguished, which differed in two, three, The results of the specific fimA genotyping were superimposed on the dendrogram (Fig. 1) and showed no variation for each subject, even when the isolates belonged to several STs.
This study of the genetic diversity among 93 P. gingivalis isolates from single "refractory" periodontitis sites in 15 Norwegian patients supported earlier findings of the large heterogeneity of the species (1, 8, 9, 12, 30, 32) . We reported previously the occurrence of several STs within three Indonesian patients (8, 9 ), but we demonstrated here that single sites can be colonized by multiple STs. Up to 8 STs were identified in 1 site with a maximum of 10 isolates analyzed. The findings are noteworthy considering the general acceptance that individuals with periodontitis harbor only one clone (29, 40) .
The fact that P. gingivalis can be detected in diseased periodontal sites and in healthy gingival sulci (7, 36, 40) suggests that it is a species of variable pathogenic potential. Therefore, diseased sites have been hypothesized to be colonized by morevirulent clones.
Since all sites investigated showed signs of severe inflammation, analysis of isolates of P. gingivalis at the sites by using MLST and fimA genotyping could provide a characterization of the most virulent clones (40) . It was noteworthy that two STs (ST14 and ST78) identified in this study were previously recorded in the MLST isolate database (www.pubmlst.org /pgingivalis), representing isolates sampled from aggressive periodontitis cases in Germany. These isolates may correspond to more-virulent clones of the species.
With the exception of subject 7, the variation in each site was related only to the pepO and recA genes. The multiple alleles of the pepO and recA genes at individual sites differed in nonadjacent nucleotides and could be signs of recombination. This is in accordance with other studies that have concluded that recombination occurs to a larger extent among bacterial species than previously thought (13, 16) and in segments of chromosomal DNA larger than the fragments analyzed here. Variation in the different alleles occurred at a limited number of nucleotides, suggesting recombination occurring within the periodontal site.
It is unlikely that multiple point mutations would arise in the same positions in the different alleles involved.
The function of the gene upstream and next to the pepO gene (PG0145; coding for the purine/pyrimidine phosphoribosyl transferase enzyme, related to DNA transformation) and the function of the recA gene itself (PG0789; DNA metabolism; DNA replication, recombination, and repair) (http://www .oralgen.lanl.gov/) may explain why these genes are more subject to recombination than the other MLST genes. In a recent study, Tribble et al. (43) demonstrated the ability of different strains of P. gingivalis to transfer chromosomal DNA to each other by conjugation, which is postulated to be an underlying mechanism for allele swapping and genetic variation in the species. Indications of frequent recombination have also been provided by Frandsen et al. (12) , who found a random distribution of two virulence-associated mobile genetic elements.
The fimA genotyping of the isolates investigated demonstrated a high prevalence of fimA genotypes II and IV and supports earlier findings of the association between the genotypes and disease (2, 8, 33) .
